ABSTRACT We sought to determine whether an association existed between the echocardiographic appearance of left ventricular thrombi and systemic embolization. We reviewed the clinical and echocardiographic characteristics of 60 patients who underwent diagnostic two-dimensional echocardiography for left ventricular thrombi. Sixteen of these 60 patients (27%) had evidence of systemic embolization. Multiple echocardiographic characteristics of left ventricular thrombi were analyzed, including mobility, shape, heterogeneity, echo density, layering, central echo lucency, presence within an aneurysm, and association with low-density swirling echoes. Incidence of embolization was significantly higher in patients with thrombi that were mobile or protruded into the left ventricular cavity (p < .002 and p < .05, respectively). Bayesian analysis indicated that the pretest likelihood for embolization was 27% and increased in the presence of mobility, central echo lucency, and protrusion to 60%, 50%, and 40%, respectively. A stepwise regression indicated that mobility was the first and protrusion the second most helpful echocardiographic characteristic in identifying patients with embolic phenomena. Clinical features were of less help in identifying the risk for embolization of patients with left ventricular thrombi. Nine of 31 patients (29%) with recent myocardial infarction (less than 3 weeks) had emboli in contrast to five of 26 patients (19%) with remote myocardial infarction (greater than 3 weeks) (p = NS). The three patients without infarction had congestive cardiomyopathy and two had emboli.
LEFT ventricular mural thrombus is a common postmortem finding in patients with acute myocardial infarction, '-5 remote myocardial infarction, 1-' left ventricular aneurysm,46 and congestive cardiomyopathy.5 7 Clinical or pathologic evidence for embolization from left ventricular thrombus is much less common.'-' Since it appears that the incidence of embolic events can be reduced by therapeutic anticoagulation,j'9 it is important to identify patients with left ventricular thrombi so that therapeutic intervention can be considered.
In the past, the diagnosis of left ventricular thrombus was based on contrast ventriculographic results or inferred only after clinical evidence for an embolic event. New techniques can reliably detect left ventricular thrombus in the absence of clinical evidence for embolization. Of these techniques, two-dimensional echocardiography is unique in that it not only is a sensitive and specific technique for detecting left ventricular thrombi'0 but also provides information regarding thrombus mobility, shape, and ultrasonic characteristics."-"5 Some of these characteristics, such as vigorous intracavitary motion and/or protrusion into the left ventricular cavity, appear ominous and have been reported to be associated with embolization. 16 We have reviewed our experience with left ventricular thrombi diagnosed by two-dimensional echocardiography to determine whether any echocardiographic characteristics were associated with systemic embolization.
PATHOPHYSIOLOGY AND NATURAL HISTORY-THROMBOEMBOLIC DISEASE thrombi. The echocardiograms of these 108 patients were reviewed by two independent observers blinded to one another's interpretations for presence or absence of thrombi. Sixty patients had echocardiographic results meeting diagnostic criteria for left ventricular thrombus (class IV according to previous published criteria '5) by agreement of these two observers. The hospital records of these 60 patients were reviewed to determine the etiology of their heart disease, clinical indication for echocardiography, documentation of thrombus, anticoagulation status, and evidence for embolization before and after detection of thrombus.
Echocardiographic technique and criteria for diagnosis of left ventricular thrombus. Two-dimensional echocardiographic examinations were performed with either a Varian V-3000 electronic phased-array ultrasonoscope (Varian Associates, Salt Lake City) or an ATL Mark III mechanical sector scanner (Advanced Technology Laboratories, Bellevue, WA). A systematic examination was routinely performed. 17 Left ventricular thrombus was diagnosed if two-dimensional echocardiographic findings were characteristic of thrombus on a technically adequate examination.15 Characteristic features included the presence of an echo-dense mass in the left ventricle that was distinguishable from papillary muscles, muscle trabeculae, pseudotendons, 8 or tangenital views of the left ventricular wall. Clear delineation and distinction of the thrombus from the endocardium and myocardium was also required.
Echocardiographic characteristics of thrombi. The echocardiograms of the 60 patients were reviewed a second time by the two echocardiographers for morphologic and acoustic characteristics of both the left ventricle and left ventricular thrombus. Classification of thrombi for these characteristics was made on the basis of agreement of the two echocardiographers. Interobserver agreement was defined for each characteristic as the percentage of patients in which the presence or absence of that characteristic was concurrent between the two observers.
When disagreement occurred, the classification was made by a third observer. In addition, intraobserver agreement was determined for each characteristic after a second evaluation of all cases by one of the initial echocardiographers. Intraobserver agreement was defined as the percentage of concordance for each characteristic for both evaluations. Classifications were based on the first echocardiogram considered diagnostic for left ventricular thrombus.
Intracavitarv motion. Three patterns of intracavitary motion were included in this classification. The first consisted of limited motion of a portion of thrombus with the same echo density as the remainder of the thrombus (figure 1). This pattern was limited to patients with protruding thrombi. The second pattern consisted of low~amplitude echoes with relatively free "wavy" motion in the left ventricular cavity but with a consistent base at a fixed thrombus (figure 2). This pattern in the experimental canine preparation of acute apical thrombus indicates the red cell and fibrin portion frequently referred to as the "red tail."''9
The third pattern consisted of a thrombus that was basically mural but demonstrated vigorous motion of its intracavitary margin during the cardiac cycle ( figure 3 ). This particular characteristic was seen with left ventricular aneurysms that displayed marked dyskinetic motion and contained thrombi that frequently demonstrated central echo lucency.
The relatively free intracavitary motion of low-amplitude dynamic swirling masses of echoes not based at a fixed thrombus was considered to represent the result of low flow,20 and hence these masses were not classified as thrombus. Thrombus shape. Thrombus shape was classified as either mural (figure 4) or protruding (figure 5). Flat thrombi parallel to the endocardial surface were classified as mural and those that projected into the left ventricular cavity as protruding. Echo-density characteristics. The echo density of each thrombus was classified as either of less echo density or of equal or greater echo density than adjacent myocardium. Each thrombus was also classified as either heterogeneous or homogeneous in echo density. Layering ( figure 4) with embolization (table 1) . Pathologic documentation of embolization was available in six of the 16. Postmortem examination of four patients confirmed left ventricular thrombus and systemic emboli. Two patients had surgical removal of emboli from the aortic bifurcation and the left femoral artery. In the 10 patients without pathologic documentation of emboli, the diagnosis of embolization was made clinically. All had acute cerebrovascular events: five had multifocal abnormalities on neurologic examination and focal defects on computerized tomographic (CT) scans consistent with cerebral emboli. The remaining five patients had focal neurologic deficits. CT scan confirmed focal defects in three. One of the remaining two patients had a negative CT scan, but a focal abnormality was present on the electroenceph- Of the 57 patients with ischemic heart disease, 31 had left ventricular thrombus diagnosed within 3 weeks of their infarction; embolization occurred in nine (29%). Only five (19%) of the 26 patients with remote infarction had an embolic event (p = NS).
Two of the three patients with congestive cardiomyopathy had embolic events.
Echocardiographic characteristics
Thrombus motion. Fifteen patients had left ventricular thrombi demonstrating intracavitary motion; nine (60%) had embolic events. Forty-five patients had no evidence of intracavitary motion; seven (16%) had embolic events. The incidence of emboli was significantly higher for thrombi that displayed intracavitary motion (p < .002) ( Low-amplitude swirling intracavitary echoes consistent with low flow were present in nine patients; only one had evidence of embolization (11%). Interobserver agreement for this characteristic was 95%, and intraobserver agreement was 90%. Fifteen of 51 patients without this characteristic had embolization (29%; p = NS). The absence of swirling intracavitary echoes was sensitive in identifying patients with embolization but lacked specificity (table 4) 
With the stepwise regression analysis the absence of swirling echoes, in addition to the parameters of intracavitary motion, protrusion, and central echo lucency, increased the R2 value from .24 to .27 (p = NS) (table 5) .
Thrombus shape. Twenty-nine patients had protruding left ventricular thrombi; 12 (41%) had embolic events. In contrast, 31 patients had flat mural thrombi; four (13%) had embolic events. The incidence of embolic phenomena was significantly higher with protruding than with flat thrombi (p < .05). Interobserver agreement for this characteristic was 88%, and intraobserver agreement was 93%.
Protrusion of the thrombus into the left ventricular cavity increased the likelihood for embolization to a posttest value of 40% ( traobserver agreement was 73%. Layering of the thrombus did not significantly change the likelihood for embolization (table 4) and was not chosen in the stepwise regression as being helpful in determining the risk of embolization.
Heterogeneity in echo density was secondary to central echo lucency in eight patients, four of whom had embolic events (50%). Of the 52 patients without central liquefaction, 12 had embolic events (23%; p = NS). Interobserver agreement for this characteristic was 97%, and intraobserver agreement was 90%. The presence of central echo lucency increased the likelihood of embolization from 26% to 50% (table 4) . When this characteristic was added to intracavitary motion and protrusion, the R2 value increased from .22 to .24 (p = NS) (table 5) .
Left ventricular systolic performance. All 60 patients with left ventricular thrombi had decreased systolic performance of the left ventricle. Fifty-five of the 57 patients with ischemic heart disease had apical thrombi and all had severe apical wall motion abnormality (i.e., either akinesis or dyskinesis). Two patients with ischemic heart disease had thrombi located along the inferior wall. The wall motion adjacent to the thrombus was either akinetic or dyskinetic in both cases.
All patients with congestive cardiomyopathy had decreased global systolic performance of the left ventricle. Thrombus was located near the apex in each case until a follow-up end point (death, surgery, or longest four of these five had embolization within 1 day of follow-up).
detection, the anticoagulant status after detection of Five of the 16 patients with embolization had emboli thrombus was not included as a parameter in any statisafter echocardiographic detection of thrombi (patients tical analysis. 3, 4, 5, 10, and 11; table 1). One patient had an Of the five who had embolic events after detection embolic event within hours of echocardiographic exof thrombus, four had thrombi that demonstrated intraamination. Three had embolic events the day after cavitary motion and four had protruding thrombi. The echocardiographic examination, and the fifth had emone flat thrombus that embolized displayed intracavibolization 7 days after initial detection of thrombus.
tary motion. Only one of these patients had a thrombus Three of these five had had emboli before echocardiowith central echo lucency and none had swirling intragraphic detection of thrombus. Two of these three with cavitary echoes. recurrent emboli were on intravenous heparin at the time of the second clinically apparent embolic event. Discussion
Because the number of patients who had embolic The results of this retrospective analysis of embolic events after detection of thrombus was low and since phenomena and the echocardiographic characteristics Protruding thrombi were also associated with embolization in this series. Cabin and Roberts26 postulated that thrombi that protrude into the left ventricular cavity have relatively more surface contact with mobile intracavitary blood and hence are more likely to embolize. They used this concept to explain their observation of a lower incidence of embolization for patients with left ventricular thrombus contained within an aneurysm than that for patients with congestive cardiomyopathy and protruding thrombus. Our findings demonstrate an association between protruding thrombi and embolization but do not support a protective role of left ventricular aneurysm against embolization. However, there may be differences in left ventricular aneurysm defined by postmortem examination and by echocardiographic findings that could account for the differences in our observations. We defined left ventricular aneurysm qualitatively as an area of diastolic distortion and systolic dyskinesis. Cabin and Roberts26 defined left ventricular aneurysm at postmortem examination as an area of thinned myocardium with obvious distortion on gross external examination. APartial p value indicating probability that additional parameter adds to previously selected parameters in predicting embolization.
CIRCULATION
We27 and others28 have observed the development of diastolic distortion and dyskinesis in areas of infarction during the first days and weeks after acute myocardial infarction. It has been our experience that patients with infarction who develop these echocardiographic findings and die do not necessarily have postmortem findings typical of aneurysm. Hence, differences in left ventricular aneurysm as defined echocardiographically and by postmortem examination may explain why we did not demonstrate a protective role of left ventricular aneurysms for embolization. We did, however, note that the low-density swirling intracavitary echoes, which we have associated with low flow states,20 were rather frequent in patients with large left ventricular aneurysms that contained thrombus. Perhaps the flow characteristics within an aneurysm are important factors with regard to embolization in addition to the shape of the thrombus.
Of the other echocardiographic characteristics analyzed, only central echo lucency aided in distinguishing patients with evidence of embolization. This echocardiographic pattern was frequently associated with vigorous motion of the intracavitary margin of a flat thrombus. In our one patient with central echo lucency in whom pathologic data were obtained at postmortem examination, the central echo-lucent portion of the thrombus was liquid rather than solid. Since thrombi generally form in an area of severe wall motion abnormality, a change in the physical property of a portion of the thrombus from solid to liquid may allow dyskinetic motion to become more apparent along the intracavitary border. It is possible that this increased mobility of the intracavitary thrombus border could lead to disruption and embolization. Such a mechanism could account for the association of these characteristics with embolization.
In our patients, thrombi detected within 3 weeks of infarction were more likely to be associated with embolic events than those detected later than 3 weeks after infarction, an observation consistent with previous findings. As two-dimensional echocardiography becomes a more widely available and utilized technique, a frequent clinical problem will be the discovery of unsuspected left ventricular thrombi. In this situation the clinician is faced with the problem of assessing the embolic potential of such thrombi. Our findings may provide some insight into the embolic potential of these thrombi. In addition to the clinical setting, certain echocardiographic characteristics of thrombi may be helpful in determining the risk for embolization. Mobility, shape, and central echo lucency appear to be the most significant echocardiographic features associated with embolization, and of the current invasive or noninvasive procedures available, two-dimensional echocardiography is the easiest and most reliable method to detect these characteristics. These features should be considered in addition to the clinical findings when assessing the risk of embolization.
